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Abstract
Artificial recharge using outside diversion water is an effective method to solve the water resources shortage, but it’s 
necessary of groundwater quality analysis during the recharge process. For the parameters acquisition of artificial 
recharge, a field infiltration test had been taken with the Hutuo River bed, the ions variation had been tested. The 
results show that, Cl-, SO42-, F- increase but NO3- decreases during the recharge process, then get back after the 
recharge termination; considering mixture is main factor of Cl- variation, the proportions of different water resource 
had been calculated, the proportion of recharge water increases during artificial process and decrease after the 
recharge termination, hysteresis exists between different sampling wells by the responding time and peak time. 
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1.Introduction 
Enough water of safe quality is a first requisite for the development and even the survival of any 
society. Surface water generally proved an uncertain resource, often both quantitatively as well as 
qualitatively, whereas the preferred groundwater resources often do not suffice for local needs [1~2]. 
Artificial groundwater recharge may be a good alternative in such cases. It may be regarded as the most 
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natural, most reliable and often cheapest way to transform questionable surface water into a safe 
underground resource [3]. Underground storage via Aquifer Storage and Recovery (ASR), where possible, 
may be an efficient, environmentally friendly solution to water storage [4]. 
Shijiazhuang City have been using groundwater as main water source for a long time, the long-term 
over-draft and mismanage of groundwater has formed a water table cone of depression in Shijiazhuang 
city's centre . Although a series of previous groundwater management works have been taken [5~6], the 
centre depth of groundwater level is 52.40m. The tremendous difference between local water demand and 
local water resources available are making it impossible to resolve the water resources shortage by local 
water resource solely. Aimed the solution of water resources shortage in North China Plain drastically, 
the South-to-North Water Diversion Middle Route Project Plan has been constructed, more than 
100×108m3/a surface water could be transferred from Han River, one branch of Yangtze River, 
Shijiazhuang City is among the benefit cities[7]. How to make full use of the diversion water to resolve 
water resources shortage and deteriorate environment geological problems daily, The huge storage 
capacity, enough infiltrate rate of Hutuo River bed and infiltrate water resources making the ASR project 
into account[8~9]. Before the project, administrators concern how water quality could be affected during 
the infiltration. A field infiltration test would be a suitable method deal with these queries [10].  
2.Study area and samples 
Hutuo River bed in Fig 1 has been chosen as ideal recharge site based on the reason following: (1) 
according to the former study result, there is the highest infiltrate rate through the river bed; (2) the 
transfer channel of the middle route South-to-North Water Transfer Project locates at the middle of 
recharge site;(3) the recharge site located at the recharge area of cone of depression, the infiltrate water 
could recharge the cone of depression immediately; (4) according to the assessment results of 
groundwater quality, there is less contamination in the unsaturated zone than other choices; the infiltrate 
water could not get worse in the seepage into ASR. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For the parameters acquisition of artificial recharge, a field infiltration test had been taken with the 
northern Hutuo River bed near the Ta Yuan. The infiltration test had been taken from Aug 19, 2009 to 
 
Fig. 1 Locations of infiltration field and sampling  
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Aug 31, 2009, lasted 12 days, 1450×104m3 surface water have been recharged groundwater system 
through the field. 
In order to analyze the groundwater quality variation and factors, surface water samples and 
groundwater samples had been taken 3 days once, locations of groundwater samples been showed in 
figure 1. 
3.Results and Discussions 
3.1.Concentration variation of groundwater 
According to the test results of surface water and groundwater, concentration variation of Cl-, SO42-, F- 
and NO3- have been showed as Fig.2~5.  
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Fig. 2 Concentration variation of F- 
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Fig. 3 Concentration variation of Cl- 
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From the figures, we can see that, Cl-, SO42-, F- increase during the recharge process, but NO3- 
decreases; and then, after the recharge termination, Cl-, SO42-, F- decrease, but NO3- increases, which is 
because that the concentration of Cl-, SO42-, F- are higher in surface water than groundwater, but lower 
with concentration NO3-. 
3.2. Proportion calculation of surface water  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
According to assume of groundwater quality main affected by hysteresis, the mixture model could be 
described as: 
C1V1+C2V2=C3ΰV1+V2α                                                                                                                         
(1) 
Where: C1 means pre-mixture concentration of ions of surface water, mg/L; C2 means pre-mixture 
concentration of ions of groundwater, mg/L; C3 means post-mixture concentration of ions of 
groundwater, mg/L; V1, V2 means volumes of surface water and groundwater individually, m3.  
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Fig. 4 Concentration variation of SO42-
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The mixture proportions of surface water (Į) could be calculated by follow: 
Į= V1/V2 = (C3- C2)/ (C1- C3)                                                                                                                     (2) 
In this case, considering the diffluent material and fewer factors, Cl- has been chosen as the ion to 
discuss the mixture and the proportion variation of surface water during infiltration shows as Fig 6.  
From the figure we can see that, the proportion remain as 0 before the beginning of test, and the 
largest mixture proportion is 30% with L2 wells emerges at Sep 4; the proportion of surface water 
increases during the infiltration test, and decreasing after the infiltration test determination; there are little 
lags between the peak time and infiltration determination time, and peak time emerge are different with 
different distances between sample wells and infiltration field.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.Conclusions 
y      For the parameters acquisition of artificial recharge, a field infiltration test had been taken with the 
Hutuo River bed, the ions variation had been tested. The results show that, Cl-, SO42-, F- increase 
but NO3- decreases during the recharge process, then get back after the recharge termination; 
y     Considering mixture is main factor of Cl- variation, the proportions of different water resource had 
been calculated; the proportion of recharge water increases during artificial process and decrease 
after the recharge termination, and hysteresis exists between different sampling wells by the 
responding time and peak time. 
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Fig. 3 proportion variation of surface water 
DU
PL
IC
AT
E
560   Du Shanghai and Xu Danmei /  Procedia Environmental Sciences  12 ( 2012 )  555 – 560 
References
[1] Huisman L, Olsthoorn TN. 1983. Artificial Groundwater Recharge. Pitman Advanced Publishing Program 
[2] Dillon P, 2005. Future management of aquifer recharge . Hydrogeology Journal 13: 313-316. 
[3] Li YG., et al. 2007. Groundwater reservoir construction research. Beijing: China Environmental Science Press. 
[4] ASCE. 2001. Standard guidelines for artificial recharge of ground water, Environmental and water resource institute, 
American Society of Civil Engineering (ASCE), EWRI/ASCE 34-01, USA 
[5] Yang, YS, 1987. Scientific management of groundwater resources in Shijiazhuang City, Journal of Changchun College of 
Geology 17(4): 419- 430 
[6] Lin XY, Liao ZS. 1995. Groundwater Management. Beijing: Geological Publishing House. 
[7] Zhang GHˈFei YH, Shen JM, et al. 2004a. Prospective areas and types of aquifer reserve in the Taihang piedmont plain. 
Hydrogeology & Engineering Geologyˈ6˖24-28. 
[8] Zhang GH, Fei YH, Xing Kˈet al. 2004b. A study on artificial underground reserve function in the aquifer with river 
channels in Taihang piedmont plain of China: a case study in the alluvial plain of Hutuo River. Journal of Arid Land Resources and 
Environmentˈ18(1)˖42-48. 
 [9] Du SH, Su XS, LV H. 2010. The Artificial Recharge Effects of Groundwater Reservoir Under Different Precipitation 
Plentiful-Scanty Encounter in Hutuo River. Journal of Jilin University (Earth Science Edition), 40 (5):1090-1097. 
 [10] Abu-Taleb MF. 1999. The use of infiltration field tests for groundwater artificial recharge. Environmental Geology 37(1-
2):64-71  
 
DU
PL
IC
AT
E
